Reaching out to grasp an object (prehension) is a nents in prehension. Nevertheless, the coordination of the two components requires additional principles [7] , and deceptively elegant and skilled behavior. The movement prior to object contact can be described we propose a principle for their temporal coordination in this article.
nation between transport and grasp components, they Queensland, St. Lucia, Queensland 4072, Australia.
simply suggest special mechanisms that might generate the observed behavior. The same is true of the few models a "hand closure controller" [7] . The temporal activation reproduces the observed timing of MGA. Thus, these models and hypotheses have the weakness that they intro- that need to be made in forming the grasp. This rule obviates the need for a special timing mechanism and can account for a wide range of data.
Results and discussion
The movement patterns observed in prehension are surIn the grasp component, there is an opening phase in which the aperture formed by the digits opens to the prisingly stereotypical and replicable [2] , yet at the same time, they show a remarkable capacity for adapting to MGA; here, the distance between the digits increases from its starting value to MGA (call this distance d o , Figure  different conditions and to perturbations [2] [3] [4] . A major issue in motor neuroscience concerns why the nervous 1a). This is followed by an enclosed phase in which the distance between the digits decreases from the MGA to system chooses particular movement patterns rather than others from the potentially infinite number of possible a value equal to the width of the target object (call this distance d c , Figure 1a ). We propose that the duration of alternatives [5, 6] . The recent model of Harris and Wolpert [6] , for example, provides a powerful, general account of each phase is proportional to its amplitude Two sets of data from an empirical study are shown (see Figure 6b in [2] for a plot of the data from 32 studies). The filled circles relate to a condition in which visual feedback was present during prehension, while the unfilled circles relate to a condition in which there was no visual feedback. It can be seen that MGA occurred relatively later, as object size increased in both conditions. In the condition without visual feedback, MGA was wider (the relationship between MGA and object size had a gain of 0.7 and a bias of 3.8 cm) and occurred relatively earlier (with visual feedback, the relationship between MGA and object size had a gain of 0.8 and a bias of 2.5 cm).
ing that the constants of proportionality are the same). . If the nervous between 3 and 7 cm) [2] . This allows us to establish the relationship between MGA and the width of the target system preprograms a duration (MT) for the transport phase, the timing of the MGA is then simply the proporobject (W) predicted by our rule, since we have that d o ϭ 0.82 W ϩ 5.2 and that d c ϭ 5.2 Ϫ 0.18 W. The relationship tion of MT specified by the relative time to MGA (assuming the transport and grasp components start together).
is plotted out in Figure 1b (under the assumption that the initial aperture is zero); MGA occurs in the second An anonymous reviewer has pointed out that MT can be predicted by Fitts' law [13] . This simple rule for determinhalf of the movement and occurs later for wider objects. In fact, the predicted relationship qualitatively matches ing the time of MGA requires that the nervous system preprogram the amplitudes of the opening and closing the general behavior observed in 32 separate studies [2] . phases of the grasp component so that the ratio d o /d c can be computed.
There are at least two situations that lead to slightly different behavior than that observed in the majority of studies. First, when reaching without vision of the hand, people It has been found that a reliable relationship exists between MGA and object width [1, 2] . This relationship has produce a larger MGA than they do when vision is un- restricted, and the MGA occurs earlier [14] [15] [16] . Second, MGA is smaller and occurs relatively later when reaching in the presence of obstacles that flank the target object [4] . The rule we have proposed can account for these variations simply by proposing that the bias in the relationship between MGA and object size can alter according to the reaching conditions. In Figure 1b , the lower line (dashed) shows the effect of increasing the bias by 2 cm: MGA is increased but occurs relatively earlier, reproducing the effect of visually open-loop reaching. The upper line (dot-dashed) shows the effect of decreasing the bias by 2 cm: MGA is decreased and occurs relatively later, reproducing the effects of flanking obstacles. It is also interesting to note that the rule predicts the curious observation that MGA occurs earlier when intercepting moving objects approaching from the right [12] . Movement duration is lower when right-handed participants intercept objects on the right (when compared to objects approaching head on or from the left), and MGA is larger (presumably as a consequence of the faster movement) [12] . Finally, an anonymous reviewer has pointed out that patients with neurological deficit show increased maximum grip aperture and a decrease in relative time to MGA (e.g., patients with cerebellar lesions) [17] . The rule of thumb clearly predicts the earlier onset of hand closure from the increased MGA observed under all of these situations.
Two sets of data from one study [18] are shown in Figure  1b . The filled circles relate to a condition in which visual feedback was present during prehension, while the unfilled circles relate to a condition in which there was no visual feedback. It can be seen that MGA occurred relatively later as object size increased in both conditions. In the condition without visual feedback, MGA was wider (the relationship between MGA and object size had a gain of 0.7 and a bias of 3.8 cm) and occurred relatively earlier (with visual feedback, the relationship between to be grasped varies independently of object width and when the finger(s) and thumb start from an open rather than a closed posture. Six participants were asked to reach and grasp (between their index finger and thumb) one of or 8 cm apart, giving a total of 18 conditions. The movement kinematics were recorded using optoelectronic three objects located at a distance of 25 or 50 cm. The three objects were the same width (5.5 cm), but the size equipment (Optotrak) and analyzed with custom software. Figure 2 shows the predicted time of maximum of the grasping surface was determined by thin sections of circular dowel (diameter of 4.8, 2.5, or 1 cm, Figure  grip aperture plotted against the actual time recorded for the 18 conditions (median scores across participants). It 2a) attached to the side of the objects. The targets and distances were selected to provide a range of movement can be seen that our simple rule predicts the observed timing of MGA extremely well. It should be noted that times in accordance with the speed-accuracy trade-off described by Fitts' law [13] . The participants started with our model is concerned with stereotypical prehension movements. It is known that alterations to the initial hand their thumb and index finger either together, 5 cm apart, our model on the basis of the median bias and gain of the relationship between MGA and object size. The digit model also has the advantage of being able to predict the value of MGA (our model does not). Nevertheless, our model has the advantage of dramatic simplicity, can predict time to MGA precisely when MGA is known, and yet preserves the widely accepted idea that prehension is treated by the nervous system as two separable, yet coordinated, components.
